SUMMARY The effect of a two minute cold pressor test on transmitral velocities measured by pulsed Doppler was studied in 11 healthy volunteers. Blood pressure increased significantly during cold immersion but peak atrial and peak early diastolic transmitral velocities and their ratio (A:E) were unchanged. There was no correlation between changes in Doppler variables and changes in calculated mean arterial blood pressure during the test. Heart rate changes were variable and not related to changes in blood pressure. In individual people the change in pulse interval during cold immersion was significantly and inversely correlated with the change in the A:E ratio.
Alterations in transmitral velocities measured by Doppler, particularly the ratio of peak atrial to peak early diastolic flow (A:E ratio), have been attributed to abnormal left ventricular relaxation.'2 Pulsed Doppler echocardiography has been widely used to examine left ventricular diastolic function in people with hypertension,' hypertrophic cardiomyopathy,' and ischaemic heart disease. 5 Recently it has been recognised that factors other than myocardial disease, including age,67 left ventricular preload,8 end diastolic pressure,9 and Doppler sample site'0 may alter transmitral flow measurements.
Two studies of invasive measurements of haemodynamic variables in dogs suggested that the rate of left ventricular relaxation may be partly determined by left ventricular afterload." 12 There are no data on the effect of acute changes in afterload on transmitral velocity measured by Doppler in healthy people.
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Accepted for publication 8 December 1988 We examined the effect of a standard cold pressor test, which produces large changes in blood pressure, and thus afterload," on transmitral velocity in healthy volunteers.
Patients and methods
We studied 11 untreated, healthy volunteers (eight men, three women, mean (SD) age of34A4 (5 9) 
Results

HAEMODYNAMIC EFFECTS OF THE COLD PRESSOR TEST
Mean arterial blood pressure increased by approximately 20 mm Hg (p < 0 001) during the cold pressor test (table) and returned to pretest values within one minute of the removal of the hand from the ice. Heart rate did not change significantly during the cold pressor test and we found no relation between changes in heart rate and blood pressure. 
DOPPLER VARIABLES AND THEIR RELATION TO BLOOD PRESSURE
There were no significant changes in peak atrial velocity (A), peak early diastolic velocity (E), or A:E ratio at any stage of the cold pressor test despite a 20 mm Hg increase in mean arterial pressure. The changes in mean arterial blood pressure within individuals did not correlate with changes in A, E, or A:E (figure).
DOPPLER VARIABLES AND THEIR RELATION TO HEART RATE
Though heart rate did not change during or after the cold pressor test in the group as a whole, the heart rate increased in some individuals and decreased in others. Changes in A:E within each individual correlated significantly with the change in RR (figure). This correlation was mainly the result of an inverse relation between changes in RR and in peak atrial velocity (A), though a less striking, but still statistically significant, positive correlation was noted between changes in RR and in peak early diastolic velocity.
Discussion
This study shows that transmitral velocity measured by Doppler is not affected by large changes in arterial pressure but it is considerably affected by small changes in heart rate.
The cold pressor test reliably increases blood pressure with small or inconsistent effects on other relevant haemodynamic variables." We used the cold pressor test to assess the effects of acute changes in blood pressure on transmitral velocities measured by Doppler. Analysis oftransmitral flow by Doppler has been advocated as a method for examining left ventricular diastolic function'2 and animal experiments have suggested that the rate of left ventricular relaxation may be partly determined by afterload." 2 The original purpose of this study was to examine the effects ofchanges in blood pressure on Doppler variables in order to determine whether such changes need to be taken into account when serial Doppler examinations are interpreted.
Because we were unable directly to measure changes in central haemodynamic variables in this noninvasive study we cannot exclude changes in preload in our study group, but earlier work suggests that changes in preload are likely to be small." Because the experiment was performed in conscious people, a direct effect of increased afterload on left ventricular relaxation (and thus Doppler transmitral velocity) may have been opposed by reflex effects. Whatever the mechanism, we found no consistent relation between large acute changes in blood pressure and changes in Doppler variables, suggesting that changes in afterload can be ignored in an interpretation of Doppler measures of mitral flow. Our data do not exclude the possibility of a small effect of blood pressure variation on Doppler variables, but any such effect would be of little importance in practice. Further studies are required before conclusions can be drawn about the effects of acute changes in blood pressure in patients with cardiovascular disease.
We found that the peak velocity of the atrial component of diastolic flow was inversely related to the pulse interval within individuals. Our data suggest that a small change in heart rate from 70 to 80 beats/min would increase the ratio of peak atrial to peak early diastolic transmitral velocity (A:E) by approximately 30%. Other studies that have specifically examined the effects of changes in heart rate on transmitral velocities measured by Doppler have shown similarly pronounced effects of heart rate. Gillam et al using programmed pacing showed a tenfold change in E:A ratio as heart rate was changed from 60 to 100 beats/min. " Parker et al using atropine showed a similar dependency of A:E on heart rate." This relation between changes in heart rate and in peak atrial velocity and A:E ratio may be of considerable clinical and experimental importance. Reliable correction for changes in heart rate between sequential studies will not be possible until the precise relation between heart rate and transmitral flow is fully established. There are many published reports of changes in A:E after procedures such as coronary angioplasty,'617 head up tilting,'8 and administration of vasoactive drugs.8' 9 The results of such studies may not be valid if the heart rate changed between the Doppler examinations.
Serial measurements of transmitral velocity profiles are not significantly affected by large changes in blood pressure in healthy volunteers. In clinical and experimental studies in which the heart rate changes, Doppler data on transmitral velocity should be interpreted with caution.
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